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Ab stract:  Bac k gro und:  Af ter  in tra ce re bral  he m -
o r r ha ge cysteinyl le u ko tri e nes (C4, D4, E4) are synthe ti -
si zed  in  the  con tact  brain  pa ren chyma-ex tra va sa ted
blood  and  par ti c i pa te  in  pro du c ing  of  ede ma  for ma -
tion.The study aim is a 5-days fol  low up (ad  mit  tan  -
ce/3
thday/5
thday)  of  uri nary  cysteinyl  le u ko tri e nes,  he -
ma to ma  and  ede ma  vo l u me  in  pa ti ents  with  pri mary
spon ta ne o us  su pra ten to rial  in tra ce re bral  he m o r r ha ge
and  to  de ter mi ne  the  re la ti on ship:  ede ma/ha e ma to ma
and  ede ma/le u ko tri e nes.
Met h ods:  An enzyme im mu no as say  for le u ko tri e -
nes me  a  su  r  ing in the uri  ne sam  ples from 62 pa  ti  ents
with  he m o r r ha ge  du r ing  the  first  5  days  (ad mit tan -
ce/3
thday/5
thday) and 80 he  alth con  trols is used. He  ma  -
to ma and  ede ma vo l u me is vi su a l i sed  and  me a su red  by
com pu ted-to mo g ra phy.
Re sults:  Ad mis sion  va l u es  of  le u ko tri e nes  we re
sig ni f i cantly  hig her  in  the  he m o r r ha gic  pa ti ents  (min  =
268.61; max = 5787.36; mean = 1842.20 ± 1413.19
pg/ml/mg  cre a ti ni ne)  ver sus  con trol  su b jects  (min  =
297.8; max = 1684.2; mean = 918.6 ± 332) (p < 0.001).
Sig ni f i cant  le u ko tri e nes  ex cre ti on  dy na mism  (mean:
1842.20 ± 1413.19; 1181.54 ± 906.16; 982.30 ± 774.24
pg/ml/mg  cre a ti ni ne)  is  fo und  in  he m o r r ha gic  pa ti ents
du r ing 5 day-fol low up (ad mit tan ce/3
thday for p < 0.001; 
the 3
thday/5
thday for p < 0.05). The fol  lo  wed he  ma  to  ma
vo  l  u  me (mean: 13.05 ± 14.49; 13.13 ± 14.66; 12.99 ±
14.73 cm
3) for all three pe  ri  ods of exa  mi  an  ti  on did not
show sig ni f i can ce (p > 0.05). The ede ma (mean: 12.86 ± 
13.52; 22.38 ± 21.10; 28.45 ± 29.41 cm
3) sho  wed very
high sig  ni  f  i  can  ce (p < 0.001). At ad  mi  tan  ce and on the
5
th  day  non sig ni fi cant  po s i ti ve  cor re la tion  (r  =  0.4;  p  >
0.05)  of  mo d e r a te  strength  is  fo und  be t we en  ede ma  and
he ma to ma;  and  sig ni f i cant  po s i ti ve  cor re la tion  (r  =  0.6;
p < 0.05) of mo  d  e  r  a  te to high strength at the 3
thday. Be  t  -
we en le u ko tri e nes  and  ede ma, the  co ef fi ci ent  of cor re la -
tion r = – 0.1 (p > 0.05) at ad  mit  tan  ce, r = – 0.05 (p >
0.05) on the 3
th  day  (no n e x i s ten ce  of  li n e ar  cor re la tion,
the sign mi  nus pre  s  ents the  ir ten  dency for the op  po  si  te
mo  ve  ment in the  ir va  l  u  es) and r = 0.2 (p > 0.05) on the
5
thday  are  fo und  (po s i ti ve  li n e ar  non sig ni fi cant  cor re la -
tion of slight strength).
Con clu sion:  Sig ni f i cant  uri nary  le u ko tri e nes  ex -
cre ti on  (a  brain  ca pa c ity  for  sig ni f i cant  le u ko tre i e nes
syn the sis)  and  sig ni f i cant  ede ma  pro gres sion  ver sus
con stant  ha e ma to ma  are  fo und.  The  ede ma  si ze  fol lo -
wed  the  he ma to ma  si ze  of  mo d e r a te  ex tent.  The  ede ma
sho wed  an  in ver se  de pen d en ce  of  the  le u ko tri e nes  (a
ten dency  for  op po si te  mo ve ment  of  the ir  va l u es),  the
high  le u ko tri e nes  va l u es  at  ad mit tan ce  bring  to  gre a ter
ede  ma vo  l  u  me on the third/the fifth day, re  spec  ti  vely.
El e va ted  cysteinyl  le u ko tri e nes  syn the sis  and  the
el e va ted  ede ma  co uld  po int  to  ca u se-ef fec ti ve  re la ti on -
ship  be t we en  them  es ta b lis h ing  the  le u ko tri e nes  as  an
ede ma pro mo ti ve-fac tor in in tra ce re bral ha e m o r r ha ge.
Key words:  In tra ce re bral  he m o r r ha ge,  brain  ede -
ma,  cysteinyl  le u ko tri e nes.
IN TRO DUC TION
In tra ce re bral  he m o r r ha ge  (ICH)  is  an  acu te  ce re -
bro va scu lar  di s e a se,  which  de ve l ops  af ter  brain  ar tery
rup tu re  and  blood  ex tra va sa ti on  in  the  sur ro un d ing
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ISSN-1452-662X Originalni nau~ni radbrain pa  ren  chyma. It is con  si  d e red that ICH is the most
se ri o us risk for mor ta l ity, di s a bi l ity and se ve re mor bi d -
ity com  pa  red to all ot  her stro  ke types (1). A ca  s  ca  de of
se v e ral  mec h a nisms  has  been  for med  in  the  con tact  of
brain  tis sue-ex tra va sa ted  blood  and  many  sub stan ces
(pro sta glan dins,  ni tric  ox i de)  are  re le a sed  from  de -
struc  ted brain tis  sue and blood com  po  nents which par  -
ti c i pa te  in  for ma tion  of  the  brain  pe ri fo cal  ede ma  (BE)
(2, 3, 4). Which is the ex  act mec  h  a  nism of BE for  ma  -
tion,  which  sub stan ces  par ti c i pa te,  how  many  and  how
they  par ti c i pa te,  for  the  ti me  be ing  re main  enig ma,
which le a ves a spa ce for pe ri fo cal ede ma to be com pre -
hen ded as a mul ti fac to rial one (5). BE es sen ti ally par ti -
c i pa tes  in  fur t her  al te r a tion  of  the  cli n i cal  ma n i fe s ta -
tion,  in  prog no sis  and  out co me  of  the  di s e a se  in cre a s -
ing the pa  renchymal vas  cu  lar le  sion which, ini  ti  ally,
has been for  med by the ac  tion of ex  tra  va  sa  ted blood
(6). Among the all sub  stan  ces par  ti  c  i  pants for BE,
cysteinyl le u ko tre i nes (C4, D4 and E4) (cystLT) al so ap  -
pe ar  which  are  highly  ac ti ve  sub stan ces  in  ge n e r a tion
of the BE (6, 7, 8, 9). Cystenyl le  u  ko  tri  e  nes are a new
gro up  of  bi o lo g i cal  and  che m i cal  sub stan ces  de ri ved
from  the  fa m ily  of  eico sa no ids,  the  me ta b o li tes  of  the
arac hi do nic  acy clic  un sa t u ra ted  fatty  acid,  which  are
syn the si zed  in  li poxyge na se  pat h way  (10,  11).  Due  to
the ir  fe a tu re  to  act  in  va so con stric tor  way,  to  ta ke  part
in lo  cal ische  mia and to in  cre  a  se the blood-brain bar  ri  -
er per  me  a  bi  l  ity, they are in  clu  ded in the gro  up of an
im por tant  ede ma-pro mo t ing  fac tor  (6,  10).
THE AIM OF THE STUDY
The aims of the study are:
1.  To  de ter mi ne  the  va l u es  of  the  ex cre ted  cystLT
in the uri ne wit hin the first 5 days fol lo wed ICH (on the 
ad  mit  tan  ce day, the third and the fifth day) when ma  x  i  -
mal pro duc tion of BE is ex pec ted; to de ter mi ne the va l -
u es  of  the  he ma to ma  vo l u me  (HV)  and  the  vo l u me  of
the  brain  pe ri fo cal  ede ma  wit hin  the  ob ser va tion  pe -
riod of 5 days (on the ad  mit  tan  ce day, the third and the
fifth day).
2.  To  de ter mi ne  the  re la ti on ship  be t we en  he ma to -
ma  vo l u me  and  the  ede ma  vo l u me  va l u es;  and  to  de ter -
mi ne  the  re la ti on ship  be t we en  the  cysLT  and  the  ede ma
vo l u me  va l u es  wit hin  the  ob ser va tion  pe riod  of  5  days
(on the ad  mit  tan  ce day, the third and the fifth day).
PA TI ENTS  AND  MET H ODS
This  in ve s ti ga tion  re p re sents  a  pro spec ti ve  lon gi -
tu di nal  study  of  the  5-day  scre e n ing  (ad mit tan ce,  the
third and the fifth day) of the cysLT ex  cre  ted in uri  ne,
of  the  vo l u me  va l u es,  he ma to ma  and  of  the  brain  pe ri -
fo  cal ede  ma in 62 pa  ti  ents (34 men; 28 wo  men) with
acu te  pri mary  spon ta ne o us  su pra ten to rial  ICH  (lo bar
and ba  sal gan  glia lo  ca  l  i  za  tion) at the age of 39 to 80
years (mean = 62.9 ± 7.1), be  ing in  clu  ded ac  cor  d  ing to
de ter mi ned  in clu sion  cri te ria:  ICH  with  no  ven tri c u lar
and/or  su ba rac hno i dal  pe n e tra tion,  wit h o ut  ad van ced
al te r a tion of con sci o u s ness (so por, co ma), with a pre ci -
se da ta of the be gin ning of the di s e a se, ar ri val at the ho -
s  pi  tal in the first ho  u  rs sin  ce the oc  cu  ren  ce of the ini  tal
sign/symp tom,  ab sen ce  of  so me  so ma tic  di s e a ses/con -
di ti ons (pul mo nary, re nal, im mu no lo gic, co a gu lo pat hi -
es,  in tu ba tion,  as sis sted  re spi ra try  ven ti la tion),  an ti co -
a g u lant  me d i ca ti ons  be ing  not  used  pre mor bidly,  ab -
sen ce  of  ar te ri o ve no us  mal for ma ti ons  and  an e u rysm.
Qu an ti fi ca ti on of cystLT in the uri ne sam ple of the 
ex pe r i men tal  exa mi ne es  and  the  con trol  gro up  has
been ma  de in two steps: ex  trac  ti on of cysLT by mag ne -
tic  se p a ra tion  with  mi ni  co l umns  and  cysLT  pu ri fi ca -
tion  by  en zyme-im mu no-anal y sis  af ter  stan dard  pro to -
col and by stan  dar  d  i  zed re  a  gents (12). The cystLT va  l  -
u es  are  ex pres sed  as  pg/ml/mg  cre a ti ni ne.
De tec tion,  vi su a l i za tion  and  di men sion  of  the  HV
and BE in ICH pa  ti  ents we  re re  a  l  i  zed by brain com pu t  -
e r i zed  ax i al  to mo g ra phy  (spe ci fic  for mu la  for  sphe r i -
cal  and  el lip soid  sha pe  V  =  AxBxC/2  for mat h e ma t i cal
cal  cu  la  tion of the vo  l  u  mes was used) (13). HV and BE
va l u es  we re  ap pro x i ma te  and  are  ex pres sed  in  cm
3.
The  con trol  gro up  con si sted  of  80  (con di ti o n ally)
he  althy exa  mi  ne  es at the age from 18 to 75 years (41
men; 39 wo  men) (all pro  ce  du  res for cysLT de  ter  mi  na  -
tion in uri  ne of the con  trol gro  up we  re per  for  med af  ter
iden ti cal  met h o d o l ogy  and  pro to col  as  with  the  ICH
exa mi ne es).
Sta ti s ti cal  pro gram  STA TI STI CA  for  Win dows
was  used  for  ela b o ra tion  of  da ta  ob ta i ned.  Nu me r i cal
va l u es  we re  an a lyzed  by  de ter mi na tion  of  the  mean,
mi n i mal  and  ma x i mal  va l u es  of  the  pa ra m e ters.  Wil -
cox  son matched pa  i  rs test and Fri  ed  man ANO  VA test
we re  used  for  te st ing  the  sig ni f i can ce  of  dif fe r en ces
among  so me  pa ra m e ters.  Co ef fi ci ent  of  cor re la tion
was  used  for  de ter mi na tion  of  the  re la ti on ship  of  so me
pa ra m e ters. Va l u es of p < 0.05 are con si d e red for sig ni -
f  i  cant and va  l  u  es of p < 0.01 for high sig  ni  f  i  cant.
RE SULTS  AND  DI S CUS SION
A  con trol gro up  of  80  (con di ti o n ally)  he althy  exa -
mi ne es at the age of 18 to 75 years (mean = 37.6 ± 12.3) 
(41 men; 39 wo  men) for in  sight of the pat  ho  lo  g  i  cal
cysLT va  l  u  es in ICH pa  ti  ents was in  clu  ded. The re  sults
of cysLT for the con  trol gro  up ran  ged from 297.8
pg/ml/mg cre a ti ni ne for mi n i mal up to 1684.2 pg/ml/mg 
cre a ti ni ne  for  ma x i mal  va l u es,  the  mean  va lue  was
918.6 ± 332 pg/ml/mg cre  a  ti  ni  ne (Ta  ble 1).
Ad mis sion  va l u es  of  uri nary  cysLT  we re  sig ni f i -
cantly  hig her  in  the  he m o r r ha gic  pa ti ents  (min  = 268.61;
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cre a ti ni ne) ver sus con trol su b jects (min = 297.8; max = 
1684.2; mean = 918.6 ± 332 pg/ml/mg cre a ti ni ne) for p 
< 0.001 and sig  ni  f  i  cant de  vi  a  tion of the mean cysLT
va l u es  was  re g i s te red  in  the  exa mi ne es  from the  ex pe r -
i  men  tal gro  up (1842.20 ± 1413.19; 1181.54 ± 906.16;
982.30  ±  774.248  pg/ml/mg  cre a ti ni ne)  com pa red  to
the con  trol exa  mi  ne  es (918.6 ± 332 pg/ml/mg cre  a  ti  ni  -
ne)  for  the  who le  ob ser va tion  pe riod:  ad mit tan ce,  third
day, fifth day (Ta  ble 2), which in  di  ca  tes the in  cre  a  sed
cysLT ex  cre  ti  on in uri  ne, i.e. of the in  cre  a  sed cysLT
syn  the  sis in the brain pa  ren  chyma in the newly for  med
con di ti ons  af ter  the  ICH  oc cur ren ce.  Win k ing  et  al.  fo -
und that the uri  nary cys-LT ex  cre  ti  on at the end of the
me a su re ments  was  sig ni f i cantly  lo wer  in  the  op e r a ti -
vely tre  a  ted gro  up (N = 12) than in the pa  ti  ents with
con ser va ti ve  the r apy  (N  =  5)  (6).
In fol  low-up of the cysLT ex  cre  ti  on in uri  ne the
Wil co xon  matched  pa i rs  test  sho wed  sta ti s ti cal  sig ni f i -
can  ce in all the in  ve  s  ti  ga  ted re  la  ti  ons (p < 0.01), due to
re duc tion of the ex cre ted le u ko tri e nes in uri ne from ad -
mit  tan  ce to the fifth day (Ta  ble 3). The pe  riod ad  mit  -
tan  ce/the third day for p < 0.001 sho  wed the hig  h  est
de  gree of sig  ni  f  i  can  ce, which co  mes out from the high
ex  cre  ti  on of the cysLT in the first 3 days. Then, they
con  ti  nue to ex  cre  te, but not with such a tem  po (the
third/the fifth day, p < 0.05). Win  k  ing et al. no  ted non  -
sig ni fi cant  dif fe r en ces  of  the  cysLT  va l u es  lo w e r ing
for the who  le pe  riod of fi  ve days, which has been due
most pro b a bly to the ir small sam ple of pa ti ents, on se p -
a ra te lo ca l i za tion (only in ba sal gan glia) and the ho mo -
g e no us di men si ons of he ma to ma (30–50 ccm), op po si -
te to the big sam  ple (N = 62), the he  te  ro  ge  no  us lo  ca  l  i  -
za  tion of he  ma  to  ma (lo  bar and ba  sal gan  lia) and the
he te ro ge no us  of  he ma to ma  vo l u mes  si zes  (0.45–52
ccm) in our exa  mi  ne  es (6).
De ter mi n ing the HV va l u es (Ta ble 4) wit hin the pe -
riod of ad  mit  tan  ce (min = 0.45 cm
3; max = 52.0 cm
3;
mean = 13.05 ± 14.49 cm
3), the third day (min = 0.62
cm
3; max = 54.6 cm
3; mean = 13.13 ± 14,66 cm
3) and the 
fifth day (min = 0.1 cm
3; max = 54.0 cm
3; mean = 12.99
± 14.73 cm
3) we no  ti  ced that the mean va  l  u  es as well as
the ot  her two HV pa  ra  m  e  ters we  re with a ten  dency of
sta bi l ity  (he ma to ma  did  not  chan ge  its  di men si ons)  or
we  re with ini  tal signs for a slight re  duc  tion. The te  sted
dif fe r en ces  of  the  he ma to ma  vo l u me  va l u es  fol lo wed
for  all  three  pe ri ods  (ad mit tan ce/3
thday/5
thday)  of exa  -
mi  an  ti  on did not show sig  ni  f  i  can  ce for p > 0.05, which
in di ca ted  for  sta bi l ity  of  the  he ma to ma  vo l u mes.  The
sta r ted  re sorp tion  in  agre e ment  with  the  pat ho lo g i cal
prin ci ples  co uld  not  es sen ti ally  in flu en ce  to  the  he ma -
to ma  vo l u me  di men si ons  for  this  sho rt  pe riod  of  5
days.  The  non sig ni fi cant  dif fe r en ces  in  the  si ze  of  the
he ma to ma  po in ted  to  the  ab sen ce  of  ad di ti o nal  ble e d -
ing (Ta  ble 5) (6).
Star  t  ing from the day of ad  mit  tan  ce up to the fifth
day,  sig ni f i cant  in cre a se  of  BE  vo l u me  is  fol lo wed,  ob -
ser  ved thro  ugh the mean va  l  u  es (12.86 ± 13.52 cm
3;
22.38 ± 21.10 cm
3; 28.45 ± 29.41 cm
3), thro  ugh the mi  -
ni  mal (0 cm
3; 2.13 cm
3; 3.61 cm
3) and thro  ugh the ma  xi  -
mal va l u es (40.17 cm
3; 79.03 cm
3; 132.09 cm
3) (Ta ble 6).
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Ta ble  1.  Cysteinyl  le u ko tri e nes  va l u es
in the con  trol gro  up
Cysteinyl le u ko tri e nes-con trol gro up (N =  80)
(pg/ml/mg  cre a ti ni ne)
min max mean ± SD
297.8 1684.2 918.6 ± 332
Ta ble  2.  Cysteinyl  le u ko tri e ne  va l u es
from  the  ex pe r i men tal  gro up  di s tri b u ted
ac cor d ing  to  the  pe riod  of  ex a m i na ti on
Pe riod  of
ex a m i na ti on
Cysteinyl le u ko tri e nes-ex pe r i men tal gro up (N = 62)
(pg/ml/mg cre a ti ni ne)
min max mean ± SD
Ad mit tan ce 268.61 5787.36 1842.20 ± 1413.19
3
th day 129.15 4226.78 1181.54 ± 906.16
5
th day 36.59 3536.69 982.30 ± 774.24
Ta ble  3.  Dif fe r en ces  of  the  cysteinyl  le u ko tri e nes
va l u es  re gar d ing  the  pe riod  of  ex a m i na ti on
CysLT/pe riod of
ex a m i na ti on
Wil co xon matched pa i rs test
Z p-le vel Sig/N. Sig
Ad mit tan ce/3
thday 3.663 0.00025 Sig
3
th day/5
thday 4.28 0.0357 Sig
Ad mit tan ce/5
thday 2.099 0.00002 Sig
Ta ble  4.  He ma to ma  vo l u me  va l u es  di s tri b u ted
re gar d ing  the  pe riod  of  ex a m i na ti on
Pe riod  of
ex a m i na ti on
HE MA TO MA VO L U ME (cm
3)
min max mean ± SD
Ad mit tan ce 0.45 52.0 13.05 ± 14.49
3
th day 0.62 54.6 13.13 ± 14.66
5
th day 0.1 54.6 12.99 ± 14.73
Ta ble  5.  Dif fe r en ces  of  the  he ma to ma  vo l u me
re gar d ing  the  pe riod  of  ex a m i na ti on
HE MA TO MA
VO L U ME
Wil co xon matched pa i rs test
Z p-le vel Sig/N. Sig
Ad mit tan ce/3
th day 1.01 0.311 N. Sig
3
th day/5
th day 0.322 0. 746 N. Sig
Ad mit tan ce/5
th day 0.578 0.562 N. SigThe  dif fe r en ces  of  the  BE  vo l u me  va l u es  te sted  for  the
ob ser va tion  pe riod  (ad mit tan ce/3
thday/5
thday) sho  wed
very high sig  ni  f  i  can  ce for p < 0.001, which ca  me from
the gre  at ede  ma in  cre  a  se (Ta  ble 7). This can be ex  pla  i  -
ned  by  its  pat hophysi o lo gi cal  fe a tu res  be ing  cha r ac te r -
i  zed with the ini  tal slig  ht  est va  lue at ad  mit  tan  ce, but as
it  sta r ted  its  for ma tion  in ten sely,  it  re ac hed  the  ma x i -
mum on the 3–5th day. Gra  d  ual re  duc  tion was ex  pec  -
ted from the fifth day. Si  m  i  lar re  sults al  so sho  wed Ge  -
bel et al. (3, 14, 15, 16).
By Fri  ed  man ANO  VA test the dif  fe  r  en  ces of the he  -
ma to ma  vo l u me,  ede ma  vo l u me  (EV)  and  cysteinyl  le u -
ko tri e nes  va l u es  we re  te sted  at  the  sa me  ti me  in  re la tion
of  ad mit tan ce/3
thday/5
thday.  The  re sults  ob ta i ned  we re
with very  high  sig ni f i can ce  for the  dif fe r en ces of  the  ede -
ma (p < 0.001) and le  u  ko  tri  e  nes va  l  u  es (p < 0.001), but
we re wit h o ut sig ni f i can ce in he ma to ma (p > 0.01) (the re -
sults from Fri  ed  man ANO  VA test are com  pa  ra  ble with
the  re sults  ob ta i ned  by  Wil co xon  matched  pa i rs  test  in
each  of  them  se p a ra tely)  (Ta ble  8).
Fi  g  u  res 1, 2 and 3 pre  s  ents the re  sults from this in  -
ve s ti ga tion re la ted to the vo l u me va l u es be t we en the he -
ma to ma  (as  in de pen d ently  chan ge a ble  va lue)  and  the
ede ma (as de pen d ent  chan ge a ble) at ad mit tan ce, the third 
day  and  the  fifth  day.  At  ad mit tan ce  po s i ti ve  non sig ni fi -
cant cor re la tion of a mo d e r a te strength (r = 0.4; p > 0.05) 
was fo und  be t we en  the se  two  va l u es, the  ti me  pe riod  was
sho rt  (the  first  24  ho u rs)  ne c es sary  for  ede ma  for ma tion
in  or der  to  cor re spond  the  he ma to ma  si ze  (Fi g u re  1).
The  li t e r a tu re  da ta  spe aks  that  the  ede ma  has  been
ma  x  i  mally ex  pres  sed on the third and/or the fifth day,
which has been due from the mul ti fac to rial mec h a nism 
of the ac  tion (among which al  so from the he  ma  to  ma
vo l u me  va l u es),  which  mec h a nisms  co me  out  from  the
mo ment  of  he ma to ma  ap pe a r an ce,  so  from  he re  mo d e -
r a te to  high  sig ni f i cant  po s i ti ve cor re la tion (r =  0.6,  p  <
0.05) is fo  und among them on the third day (Fi  g  u  re 2)
(1, 4, 15, 16, 17, 18). Gre  a  ter ede  ma va  l  u  es cor  re  spond
to  hig her  he ma to ma  va l u es,  re spec ti vely.
Co ef fi ci ent  of  li n e ar  cor re la tion  (r  =  0.4,  p  >  0.05)
on the fifth day, which cor  re  sponds to mo  d  e  r  a  te non  -
sig ni fi cant  as so ti a tion  among  them,  spe aks  for  da ta
that the ede ma si ze af ter the third day or on the fifth day 
mo d e r a tely  fol lows  the  he ma to ma  si ze.  The  pro cess  of
re gres sion  (re sorp tion)  of  he ma to ma  sta rts  from  the
third day and ac cor d ing to the re sults ob ta i ned, the ede -
ma  mo d e r a tely  fol lows  the  cor re spon d ing  newly-oc -
cur red  con di ti ons  (Fi g u re  3).
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Ta ble  6.  Va l u es  of  the  ede ma  vo l u me  di s tri b u ted
ac cor d ing  to  the  pe riod  of  ve r i fi ca tion
Pe riod  of
ve r i fi ca tion
EDE MA VO L U ME (cm
3)
min max mean ± SD
Ad mit tan ce 0 40.17 12.86 ± 13.52
3
th day 2.13 79.03 22.38 ± 21.10
5
th day 3.61 132.09 28.45 ± 29.41
Ta ble  7.  Dif fe r en ces  of  the  ede ma  vo l u me  va l u es
in  re la tion  to  the  pe riod  of  ex a m i na ti on
EDE MA
VO L U ME
Wil co xon matched pa i rs test
Z p-le vel Sig/N. Sig
Ad mit tan ce/3
thday 5.857 0.00000 Sig
3
th day/5
thday 4.254 0.00002 Sig
Ad mit tan ce/5
thday 5.563 0.00000 Sig
Ta ble  8.  Le u ko tri e nes/He ma to ma  vo l u me/Ede ma
vo l u me-dif fe r en ces  of  the  va l u es  re gar d ing
the  pe riod  of  ex a m i na ti on
Ad mit tan ce/
5
thday/3
thday
Fri ed man ANO VA  test
Chi.
Sqr p-le vel Sig/N. Sig
Le u ko tri e nes 24.419 0.00001 Sig
He ma to ma vo l u me 2.188 0.334 N. Sig
Ede ma  vo l u me 69.77 0.00000 Sig
Fig ure  1.  Cor re la tion:  Edema  vol ume/Hematoma
vol ume-ad mit tance
Fig ure  2.  Cor re la tion:  Edema  vol ume/Hematoma
vol ume-3
th  dayFi g u res  4,  5  and  6  re g i s ter  the  de pen d en ce  of  the
fol low-up of the le u ko tre i nes, as in de pen d ent chan ge a -
ble  va ri a ble  and  the  ede ma,  as  de pen d ent  chan ge a ble,
in  all  three  pe ri ods  of  ex a m i na ti on.  Co ef fi ci ent  of  cor -
re  la tion r = – 0.1 (p > 0.05) at ad mit  tan ce and r = – 0.05
(p > 0.05) on the third day, re sult from the no n e x i s ten ce 
of  li n e ar  cor re la tion  be t we en  them,  but  the  sign  mi nus
pre s ents  the ir  ten dency  for  the  op po si te  mo ve ment  in
the  ir va  l  u  es (Fi  g  u  re 4 and 5). On the fifth day, le  u  ko  tri  -
e nes and the ede ma sta rt en te r ing in to the po s i ti ve li n e -
ar non  sig  ni  fi  cant cor  re  la  tion of slight strength (r = 0.2;
p > 0.05). This re  la  tion co  mes from the pat  hophysi  o  lo  -
gi cal  fe a tu res  of  the se  two  va l u es.  Mo re  pre ci sely,  the
le u ko tri e nes  are  ma x i mally  syn the si zed  at  ad mit tan ce
(due to the con tact brain tis sue-ex tra va sa ted blood) and 
sta  rt to ex  cre  te in the uri  ne with so  me dy  na  m  ics, up to
the  fifth  day.  The ir  va l u es  are  qu an ti ta ti vely  suf fi ci ent
at ad mit tan ce, but al so in the ot her terms of ob ser va tion 
(be si de  the  ex cre ti on  dy na m ics),  to  sta rt  the  mec h a -
nism of ede ma for ma tion, which ma x i mal pre sen ta tion 
oc  curs on the third day. From he  re an in  ver  se po  si  tion
of  both  va l u es  co me  out,  to  hig her  le u ko tri e nes  va l u es
cor  re  spond the lo  wer ede  ma va  l  u  es. From the fifth day
al ready,  the  le u ko tre i ens  and  the  ede ma  sta rt  to  fol low
each ot  her slightly, af  ter the fifth day they sta  rt to fall,
re spec ti vely  (Fi g u re  6).
CON CLU SION
Af  ter the ICH oc  cur  ren  ce, the brain tis  sue has a
ca pa c ity for sig ni f i cant syn the sis of cysteinyl le u ko tre -
i e nes. The dy na m ics of cysLT ex cre ti on in uri ne for the 
who le  5-day  ob ser va tion  pe riod  is  highly  sig ni f i cant,
but mostly in the pe  riod ad  mit  tan  ce/the third day. The
5-day  he ma to ma  scre e n ing  did  not  show  sig ni f i can ce
in  the  chan ge  of  its  vo l u me  va l u es  (the  sta r ted  re sorp -
tion  do es  not  sig ni f i cantly  in flu en ce  and  ad di ti o nal
ble e d ing  is  ab sent).  Pe ri fo cal  BE  el e va tes  with  high
sig ni f i can ce in the ob ser va ti o nal 5-day pe riod. The re is 
a  mo d e r a te  non sig ni fi cant  cor re la tion  be t we en  the  si ze
of the he  ma  to  ma vo  l  u  me and the si  ze of the brain ede  -
ma vo l u me at the ad mit tan ce and the fifth day; and mo -
d e r a te  to  high  non sig ni fi cant  cor re la tion  on  the  third
day (the si  ze of the ede  ma vo  l  u  me fol  lows the si  ze of
the  he ma to ma  vo l u me  of  mo d e r a te  ex tent).  The  ede ma
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Fig ure  3.  Cor re la tion:  Edema  vol ume/Hematoma
vol ume-5
th day
Fig ure  4.  Cor re la tion:  Edema  vol ume/Cysteinyl
leukotrienes-ad mit tance
Fig ure  5.  Cor re la tion:  Edema  vol ume/Cysteinyl
leukotrienes-3
th  day
Fig ure  6.  Cor re la tion:  Edema  vol ume/Cysteinyl
leukotrienes-5
th dayvo l u me sho wed an in ver se de pen d en ce of the cysteinyl 
le u ko tri e nes  va l u es  (a  ten dency  for  op po si te  mo ve -
ment  of  the ir  va l u es),  the  high  le u ko tri e nes  va l u es  at
ad mit tan ce  bring  to  gre a ter  oe de ma  vo l u me  on  the
third/the fifth day pe  riod, re  spec  ti  vely.
El e va ted  cysLT  syn the sis  and  the  el e va ted  va l u es
of the brain ede  ma co  uld po  int to ca  u  se- ef  fec  ti  ve re  la  -
ti on ship  be t we en  them  es ta b lis h ing  the  le u ko tri e nes  as
an  ede ma-pro mo t ing  fac tor  in  in tra ce re bral  ha e m o r r -
ha ge.
Ab bre vi a ti ons
BE — brain ede  ma
cysLT  —  cysteinyl  le u ko tri e nes
HV  —  he ma to ma  vo l u me
ICH  —  in tra ce re bral  he m o r r ha ge
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Sa `e tak
5-DNEV NA STU DI JA MO NI TO RIN GA I KO RE LA CI JE IZ ME \U
MO @DA NOG EDE MA I CI STE I NIL LE U KO TRI JE NA EKS TRA HO VA NIH
IZ URI NA KOD  PRI MAR NE  SPON TA NE SU PRA TEN TO RI JAL NE
IN TRA CE RE BRAL NE HE MO RA GI JE
Dol ne nec-Ba ne va  Na ta li ja,
1  Ni ko di je vik  Di ja na,
1  Pe trov ska-Cvet kov ska  Dra ga na,
1  Po po ska  Ana sta si ka
2
1  Uni ver sity  Cli nic  of  Ne u ro l ogy,  Fa c ulty  of  Me d i ci ne,  Ss  Cyril  and  Met ho di us  Uni ver sity,  Sko pje,  Re pu b lic  of  Ma c e do nia
2  Uni ver sity  Cli nic  of  Or t ho pe dics,  Fa c ulty  of  Me d i ci ne,  Ss  Cyril  and  Met ho di us  Uni ver sity,  Sko pje,  Re pu b lic  of  Ma c e do nia
Uvod: Po sle na stan ka in tra ce re bral ne he mo ra gi je, 
u  kon tak tu  eks tra va zi ra ne  kr vi  sa  mo `da nim  pa ren hi -
mom sin te ti zu ju se ci ste i nil le u ko tri je ni (C4, D4, E4) ko -
ji  par ti ci pi ra ju  u  for mi ra nju  mo `da nog  pe ri fo kal nog
ede ma.  Cilj  stu di je  je  od re |i va nje  vred no sti  vo lu me na
he ma to ma,  pe ri fo kal nog  ede ma  i  le u ko tri je na  eks tra -
ho va nih  iz  uri na  i  od re |i va nje  ko re la ci je  kod  ede -
ma/he ma to ma  i  ede ma/le u ko tri je na  u  to ku  pr vih  5  da -
na  in tra ce re bral ne  he mo ra gi je  (pri jem/3dan/5dan).
Me tod:  En zi mo i mu no a na li zom od re di li smo vred -
no sti  ci ste i nil  le u ko tri je na  iz  uri na  kod  62  pa ci jen ta  sa
pri mar nom  spon ta nom  su pra ten to ri jal nom  in tra ce re -
bral nom  he mo ra gi jom  u  to ku  pr vih  5  da na  (pri jem/
/3dan/5dan)  i  kod  80  zdra vih  kon trol nih  is pi ta ni ka.  Vi -
zu e li za ci ju  i  di men zi o ni ra nje  vo lu me na  he ma to ma  i
ede ma  vr {i li  smo  kom pju te ri zo va nom  ak si jal nom  to -
mo gra fi jom  mo zga.
Re zul ta ti:  Vred no sti  le u ko tri je na  na  pri je mu  bi li
su  sig ni fi kant no  ve }i  kod  he mo ra gi~ nih  pa ci je na ta  (min
= 268,61; max = 5787,36; mean = 1842,20 ± 1413,19
pg/ml/mg  cre a ti nin)  ne go  kod  kon trol nih  is pi ta ni ka
(min = 297,8; max = 1684,2; mean = 918,6 ± 332) (p <
0,001).  Sig ni fi kan tan  di na mi zam  eks kre ci je  ci ste i nil  le -
u ko tri je na u uri nu (mean: 1842,20 ± 1413,19; 1181,54 ± 
906,16; 982,30 ± 774,24 pg/ml/mg cre  a  ti  nin) je re  gi  -
stro van kod he mo ra gi~ nih pa ci je na ta u to ku ce lo kup nog 
ob ser vi ra nog pe ri o da (pri jem/3. dan za p < 0,001; 3.dan/ 
/5.dan za p < 0,05). Eva lu i ra ne vred no sti he ma to ma ni su 
po ka za le  sig ni fi kant nost  u  to ku  tri  pra }e na  pe ri o da  (mean:
13,05 ± 14,49; 13,13 ± 14,66; 12,99 ± 14,73 cm
3) (p >
0,05).  Vred no sti  vo lu me na  pe ri fo kal nog  eda ma  po ka za -
li su ve  o  ma vi  so  ku zna  ~aj  nost (mean: 12,86 ± 13,52;
22,38 ± 21,10; 28,45 ± 29,41cm3) za p < 0,001. Na pri  -
je mu i u pe tom da nu do bi je na je ne sig ni fi kant na po zi tiv -
na ko  re  la  ci  ja ume  re  ne ja  ~i  ne (r = 0,4; p > 0,05) iz  me  |u
ede ma  i  he ma to ma,  a  tre }eg  da na  sig ni fi kant na  po zi tiv -
na  ko re la ci ja  ume re ne  do  vi so ke  ja ~i ne  (r  =  0,6;  p  <
0,05).  Iz me |u  le u ko tri je na  i  ede ma  do bi jen  je  ko e fi ci je -
nat ko  re  la  ci  je r = – 0,1 (p > 0,05) na pri  je  mu, r = – 0,05
(p  >  0,05)  tre }eg  da na  (ne  po sto ji  li ne ar na  ko re la ci ja,
pred znak  mi nus  pre zen tu je  ten den ci ju  za  su prot no  kre -
ta  nje nji  ho  vih vred  no  sti) i r = 0,2 (p > 0,05) pe  tog da  na
(po zi tiv na  li ne ar na  ne sig ni fi kant na  ko re la ci ja  sa  sla be
ja ~i ne).
Za klju ~ak:  Do bi je na  je  sig ni fi kant na  eks kre ci ja
le u ko tri je na  eks tra ho va nih  iz  uri na  (sig ni fi kant na  sin -
te za  le u ko tri je na  u  mo `da nom  pa ren hi mu)  i  sig ni fi -
kant na  pro gre si ja  ede ma  na su prot  kon stat ne  vred no sti
vo lu me na  he ma to ma.  Vred no sti  vo lu me na  ede ma  pra -
te  vred no sti  vo lu me na  he ma to ma  od  ume re nog  ste pe -
na.  Edem  je  po ka zao  in verz nu  za vi snost  od  le u ko tri je -
na  (ten den ci ja  za  su prot no  kre ta nje  nji ho vih  vred no -
sti),  ta ko,  vi so ke  vred no sti  le u ko tri je na  na  pri je mu  do -
vo de  do  ve }eg  vo lu men  ede ma  u  tre }em/pe tom  da nu.
Po ve }a na  sin te za  ci ste i nil  le u ko tri je na  i  po ve }a ne
vred no sti  ede ma  mo gu  uka zi va ti  na  uzro~ no-po sle di~ ne
re la ci je  iz me dju  nih,  {to  mo `e  eta bli ra ti  le u ko tri je ne  kao
edem  pro mo tiv ne  fak to re  kod  in tra ce re bral ne  he mo ra gi je.
Klju~ ne  re ~i:  In tra ce re bral na  he mo ra gi ja,  mo -
`da ni  edem,  ci ste i nil  le u ko tri je ni.RE F E R EN CES
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